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INTER LAYERS FOR PERPENDICULAR 
RECORDING MEDIA 

RELATED APPLICATIONS 

This application is related to application number, filed 
Sep. 17, 2003, entitled PERPENDICULAR MAGNETIC 
RECORDING MEDIA WITH IMPROVED CRYSTALLO 
GRAPHIC ORIENTATIONS AND METHOD OF MANU 
FACTURING SAME, and an application number, filed Nov. 
3, 2003, entitled MAGNETIC MATERIAL FOR NON 
REACTIVE PROCESS OF GRANULAR PERPENDICU 
LAR RECORDING APPLICATION, having U.S. Ser. Nos. 
10/663,670 and 10/698,385, respectively, which are hereby 
incorporated by reference. 

FIELD OF INVENTION 

This invention relates to magnetic recording media, Such 
as thin film magnetic recording disks, and to a method of 
manufacturing the media. The invention has particular appli 
cability to high areal density perpendicular magnetic record 
ing media having very low medium noise and high degree of 
thermal stability, and more particularly, to a laminated 
medium with inter layers. 

BACKGROUND 

Magnetic disks and disk drives are conventionally 
employed for storing data in magnetizable form. Preferably, 
one or more disks are rotated on a central axis in combina 
tion with data transducing heads positioned in close proX 
imity to the recording Surfaces of the disks and moved 
generally radially with respect thereto. Data are written onto 
and read from a rapidly rotating recording disk by means of 
a magnetic head transducer assembly that flies closely over 
the surface of the disk. Preferably, each face of each disk 
will have its own independent head. 

In a magnetic media, digital information (expressed as 
combinations of “O’s” and “1s') is written on tiny magnetic 
bits (which themselves are made up of many even smaller 
grains). When a bit is being written, a magnetic field 
produced by the disc drive's head orients the bits magne 
tization in a particular direction, corresponding to either a 0 
or 1. The magnetism in the head in essence “flips' the 
magnetization in the bit between two stable orientations. 

Magnetic thin-film media, wherein a fine grained poly 
crystalline magnetic alloy layer serves as the active record 
ing medium layer, are generally classified as “longitudinal 
or “perpendicular, depending on the orientation of the 
magnetization of the magnetic domains of the grains of the 
magnetic material. In longitudinal media (also often referred 
as "conventional media), the magnetization in the bits is 
flipped between lying parallel and anti-parallel to the direc 
tion in which the head is moving relative to the disc. In 
perpendicular media, the magnetization of the disc, instead 
of lying in the disc's plane as it does in longitudinal 
recording, stands on end perpendicular to the plane of the 
disc. The bits are then represented as regions of upward or 
downward directed magnetization (corresponding to the 1s 
and 0's of the digital data). 

FIG. 1 shows a disk recording medium and a cross section 
of a disc showing the difference between longitudinal and 
perpendicular recording. Even though FIG. 1 shows one side 
of the disk, magnetic recording layers are usually sputter 
deposited on both sides of the non-magnetic aluminum 
substrate of FIG. 1. Also, even though FIG. 1 shows an 
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2 
aluminum Substrate, other embodiments include a substrate 
made of glass, glass-ceramic, aluminum/NiP. metal alloys, 
plastic/polymer material, ceramic, glass-polymer, composite 
materials or other non-magnetic materials. 

Efforts are continually being made to increase the areal 
recording density, i.e., the bit density, or bits/unit area, and 
signal-to-medium noise ratio (SMNR) of the magnetic 
media. To continue pushing areal densities and increase 
overall storage capacity, the data bits must be made Smaller 
and put closer together. However, there are limits to how 
small the bits may be made. If the bit becomes too small, the 
magnetic energy holding the bit in place may become so 
Small that thermal energy may cause it to demagnetize over 
time. This phenomenon is known as Superparamagnetism. 

Perpendicular recording media are being developed for its 
capability of extending the areal density to a much higher 
level without the similar thermal stability limit that longi 
tudinal media are facing. One of the major designs for 
perpendicular recording media utilizes reactive Sputtering 
the magnetic layer in a gas mixture of oxygen and the 
popular inert gas Ar, to produce so called granular perpen 
dicular media. The magnetic layer produced by this way has 
oxide mainly in grain boundaries, which effectively breaks 
down exchange coupling and results in better recording 
performance. 
The tendency for neighboring magnetic dipoles in a 

material to line up parallel or antiparallel to each other is 
called exchange (or exchange coupling). Basically, 
exchange results from the overlap of orbiting electron on 
adjacent atoms. The atomic moment of an atom is propor 
tional to the angular momentum of the atom. This angular 
momentum consists of orbital angular momentum due to the 
rotation of electrons in their orbits and spin angular momen 
tum (called “spin' for short) which is due to the rotation of 
electrons about their own axes. If the spin angular momen 
tum of two electrons on neighboring atoms is sands, then 
the energy of this pair of electrons, E, is given by E=-2J 
S*s, where J is a constant called the exchange integral. In 
ferromagnetic materials, J is positive and the moments of 
adjacent atoms point in the same direction. In antiferromag 
netic materials, J is negative. In an antiferromagnetic mate 
rial, the moments of adjacent atoms point in opposite 
directions. 

Exchange is largely a nearest-neighbor phenomenon that 
occurs across distances typical of the distance between 
atoms in a solid (a few angstroms). If there is one atomic 
boundary layer of one material Such as an oxide in grain 
boundaries, then that may be enough (though thicker bound 
ary layer could also be used) to break down the exchange 
coupling between the grains separated by the boundary 
layer. Thus, granular media (i.e., media that grain and have 
amorphous material Such as an oxide and/or voids between 
crystalline grains) with laminated film structures consisting 
of laminated soft magnetic layers, seed layers, such as Ag, 
Au, Cu etc., Ru-alloy inter layers, CoPt-based magnetic 
recording layers containing oxides, and carbon overcoats 
have been made and found promising for perpendicular 
magnetic recording application. However, it has been found 
that the media coercivity, Hc, and signal-to-media-noise 
ratio, SMNR, of the prior art perpendicular recording media 
need to be enhanced significantly for high-density recording 
applications. This invention relates to perpendicular record 
ing media with enhanced properties for high-density record 
1ng. 
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SUMMARY OF THE INVENTION 

This invention relates to a perpendicular recording 
medium having an interlayer of high-chromium ruthenium 
chromium alloy, which significantly enhances coercivity and 
SMNR. Preferably, the improved lattice match between 
RuCrinter layers and CoPt-based magnetic recording layers, 
and the surface energy of RuCr inter layers contribute to the 
performance improvement with the high-chromium addition 
into Ru inter layers. 
The present invention relates to perpendicular media with 

Soft magnetic underlayers. The magnetic write field and field 
gradient at the recording layer of the perpendicular magnetic 
recording media with soft underlayers can be much higher 
than the current highest values obtained from the media 
without soft underlayers. In order to suppress formation of 
stripe domains and/or reduce the Surface roughness of the 
soft underlayers (SUL), the SUL may be laminated com 
prising several layers of the Soft magnetic materials and with 
thin spacer layer(s) between the soft magnetic laminations. 
In order to have high field gradient of the write field 
generated from the writers of the magnetic heads, the 
distance between the heads and the soft magnetic layers 
should be as short as possible. Therefore, the present media 
comprise Ru-alloy inter layers directly deposited on thin 
(less than 3 nm) seed layers, which are directly deposited on 
amorphous or nanocrystalline soft magnetic underlayers, 
which provide proper surface for very thin seed layers and 
Ru-alloy inter layers to grow on and to develop nice crys 
tallographic structure of Ru-alloy inter layers. The FWHM 
(full width at half maximum) of XRD rocking curves of 
RuCr/CoPt-alloy (0002) peaks of media with Cu seed layers 
and with Ru-25 at % Cr inter layers shown on FIG. 3 is 2.65 
degree, which demonstrates the very good crystallographic 
orientation of the media according with the current inven 
tion. The Ru-alloy inter layers used for this kind of perpen 
dicular media do not have epitaxial relationship with seed 
layers. Suitable lattice matching of Ru-alloy inter layers 
with CoPt-based magnetic recording layers is required for 
good magnetic media. RuCr inter layers with Cr in the range 
of 15 to 50 at % satisfy the requirements. 
The addition of oxides or nitrides, such as SiO, TiO, 

Ta-Os, Al-O, NbOs, into magnetic recording layers could 
improve the performance of the CoPt magnetic alloy films 
by effective segregation and grain de-coupling. 
One embodiment is a perpendicular magnetic recording 

medium comprising a Substrate, a soft magnetic underlayer, 
a seedlayer directly on the Soft magnetic underlayer, a 
RuCr-containing interlayer having 15 sxs 50 on the seed 
layer and a magnetic recording layer in this order. Prefer 
ably, the magnetic recording layer is a SiO-containing 
magnetic layer and the medium is a granular medium. 
Preferably, the seedlayer is less than 3 nm thick and com 
prises a face-centered cubic structure and the RuCr-con 
taining interlayer is directly on the seedlayer. Preferably, the 
magnetic recording layer comprises Pt and Co, and other 
combinations of B, Cr, Co, Pt, Ni, Ta, Nb, Al, Si, Zr, Hf, W. 
C. Mo, Ru, O and N. More preferably, the soft underlayer 
has laminated structure with spacer layer(s) between the 
laminations of the soft underlayers. In one variations, the 
Soft underlayer is substantially amorphous or nanocrystal 
line. Preferably, the interlayer comprises a dual interlayer 
structure with the 1 and the 2" RuCr-containing interlay 
ers both having 15 SXS50 and having hexagonal close 
packed structure, and the 2" interlayer comprises a structure 
with separated column grains, wherein the 1 RuCr-con 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
taining interlayer is directly deposited on the seed layer, and 
the 2" RuCr-containing interlayer is directly under the 
magnetic recording layer. 

Another embodiment is a method of manufacturing a 
perpendicular recording medium comprising obtaining a 
Substrate, depositing a soft magnetic underlayer, depositing 
a seedlayer directly on the Soft magnetic underlayer, depos 
iting a 1 RuCr-containing interlayer under a first gas 
pressure and depositing a 2" RuCr-containing interlayer 
under a second gas pressure, the 1 and 2" RuOr-contain 
ing interlayers having 15sxs 50 on the seedlayer and the 
first gas pressure being lower than the second gas pressure 
and preferably further comprising depositing a magnetic 
recording layer comprising Pt and Co, and other combina 
tions of B, Cr, Co, Pt, Ni, Ta, Nb, Al, Si, Zr, Hf, W. C., Mo, 
Ru, O and N, wherein the magnetic recording layer contains 
about 1 to 12 mol. 9% SiO. Preferably, the 1 RuCr 
containing interlayer has Substantially no epitaxial relation 
ship with the seedlayer that preferably comprises a material 
selected from the group consisting of Cu, Ag, Au, Pt, Pd and 
combinations thereof. In one variation, the 1' RuCr-con 
taining interlayer is directly on the seedlayer and preferably 
the magnetic recording layer comprises CoCrPt—SiO. In 
another variation, the soft underlayer has laminated structure 
with spacer layer(s) between the laminations of soft under 
layers. Preferably, the order of layers is the substrate, the 
laminated soft underlayer with spacer layer(s) between the 
laminations of the soft underlayers, the seedlayer, the 1 
RuCr-containing interlayer, the 2" RuCr-containing inter 
layer and the magnetic recording layer, wherein the mag 
netic recording layer is a oxides or nitrides-containing 
magnetic layer, wherein the 1 and 2" RuCr-containing 
interlayers have 25 sxs 50. 

Additional advantages of this invention will become 
readily apparent to those skilled in this art from the follow 
ing detailed description, wherein only the preferred embodi 
ments of this invention is shown and described, simply by 
way of illustration of the best mode contemplated for 
carrying out this invention. As will be realized, this inven 
tion is capable of other and different embodiments, and its 
details are capable of modifications in various obvious 
respects, all without departing from this invention. Accord 
ingly, the drawings and description are to be regarded as 
illustrative in nature and not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shows a magnetic disk recording 
medium comparing longitudinal and perpendicular record 
1ng. 

FIG. 2 is an example of the film structure of the magnetic 
recording media in accordance with the present invention. 

FIG. 3 shows coercivity dependence on Cr concentration 
in RuCu inter layers. 

FIG. 4 shows surface plot of Ho (in kOe) versus Cr 
concentration in RuCr (at %) and gas pressure (mTorr) for 
2" layer of RuCr deposition. The oxygen content in the gas 
for magnetic recording layer deposition is 0.6295 volume 96. 

FIG. 5 shows surface plots of SMNR (in dB) versus Cr 
concentration in RuCr (at %) and oxygen content in the gas 
for magnetic recording layer deposition (volume 96) under 
29 (top left figure), 35 (top right figure), and 41 (bottom 
figure) mTorr as the gas pressure for 2" layer of RuCr 
deposition. 

FIG. 6 shows gracing angle theta-two theta XRD profiles 
of perpendicular magnetic recording media with varying Cr 
concentration in RuCr. 
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FIG. 7 shows the dependence of media signal-to-noise 
ratio (SMNR) on atomic percentage of cobalt in RuCo inter 
layers. 

FIG. 8 shows the coercivity (Hc) dependence on atomic 
percentage of tungsten in RuW inter layers, which were 
deposited on Ag or Cu seed layers. 

FIG. 9 shows the coercivity (Hc) dependence on atomic 
percentage of chromium in RuCr inter layers, which were 
deposited on Ag or Cu seed layers. 

DETAILED DESCRIPTION 

This invention relates to a perpendicular recording 
medium having a Substrate, Soft underlayer(s), seed layer(s), 
interlayer(s), and a magnetic recording layer comprising 
grains. Preferably, the magnetic recording layer has Substan 
tial oxides or nitrides, such as SiO, which could be within 
and/or between the grains. The media could be made by 
sputter depositing the magnetic recording layer in a chamber 
containing a gas mixture of argon and oxygen or nitrogen 
under vacuum, or by Sputtering magnetic targets comprising 
oxides or nitrides in a chamber containing argon or a gas 
mixture of argon and oxygen or nitrogen 

FIG. 2 shows a simplified cross-sectional view of an 
embodiment of this invention. All samples of the granular 
media disclosed here were fabricated with Intevac MDP 250 
B+ Sputter machine on Al Substrates, optionally having a 
NiP-coating. The laminated films were deposited under 
ambient temperature with DC (direct current) magnetron 
sputtering except for the carbon overcoats were deposited 
with ion beam deposition. The granular media comprise, 
from the bottom to the top of the laminated films, 3 nm Ti 
adhesion enhancement layers, 80 nm FeCoos B soft mag 
netic layers (SUL1), 2.5 nm Ta spacer layers, 80 nm 2" 
FeCoosB soft magnetic layers (SUL2), 2 nm Cu seed 
layers or 1.5 nm Ag seed layers, 9 nm 1 Ru-alloy inter 
layers (IL1) deposited under 3.6 mTorr of Argas pressure, 
9 nm 2"Ru-alloy inter layers (IL2) deposited under high Ar 
gas pressure, 10.4 nm CoCrPtSiO, magnetic layer deposited 
under about 33 mTorr of gas mixture of argon and oxygen, 
and 3 nm carbon. The composition of CoCrPtSiO targets in 
molecular/atomic percent is preferably 72, 6, 18, and 4 
respectively for Co, Cr, Pt and SiO. The number of the 
layers shown here is illustrative but not restrictive. 

The 1 interlayer deposited under low gas pressure fea 
tures HCP (hexagonal close-packed)-structured interlayer 
that enables good crystallographic orientations of the inter 
layers and magnetic recording layers (narrow FWHM of 
x-ay diffraction rocking curves around (0002) peaks). The 
2" interlayer deposited under high gas pressure features 
well separated column grain structure, so the magnetic 
grains epitaxially grown on the interlayers also feature well 
separated column grain structure for reduced granular mag 
netic exchange coupling. The composition of the 1 and the 
2" interlayers is not limited to any specific one. 

Instead of the optional NiP coating on the substrate, the 
layer on the Substrate could be any Ni-containing layer Such 
as a NiNb layer, a Cr/NiNb layer, or any other Ni-containing 
layer. Optionally, there could be an adhesion layer between 
the substrate and the Ni-containing layer. The surface of the 
Ni-containing layer could be optionally oxidized. 
The present invention relates to perpendicular media with 

Soft magnetic underlayers. In order to have high field 
gradient of the write field generated from the writers of the 
magnetic heads, the distance between the heads and the soft 
magnetic layers should be as short as possible. Therefore, 
the present media comprise Ru-alloy inter layers directly 
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6 
deposited on thin (less than 3 nm) seed layers, which are 
directly deposited on amorphous or nanocrystalline soft 
magnetic underlayers, which provide proper Surface for very 
thin seed layers and Ru-alloy inter layers to grow on and to 
develop a proper crystallographic structure of Ru-alloy inter 
layers. The FWHM of XRD rocking curves around Ru?Co 
(0002) peaks of the perpendicular magnetic recording media 
according to the current invention is less than 3 degrees. The 
narrower it is, the better the media performance is. 
The FWHM (full width at half maximum) of XRD (X-ray 

diffraction) rocking curves of RuCr/CoPt-alloy (0002) peaks 
of media with Cu seed layers and with Ru-25 at % Cr inter 
layers shown in FIG. 3 is 2.65 degree, which demonstrates 
the very good crystallographic orientation of the media of 
this invention. The Ru-alloy inter layers used for the per 
pendicular media of this invention preferably do not have 
epitaxial relationship with seed layers. Suitable lattice 
matching of Ru-alloy inter layers with CoPt-based magnetic 
recording layers is required for good magnetic media. The 
lattice mismatch between Ru-alloy interlayers and CoPt 
based magnetic recording layers can be calculated with 
equation (1) below, 

mismatch-(a-a)/a. (1) 

wherea, and a is “a” lattice parameter of the HCP structure 
of Ru-alloy interlayer and CoPt-based magnetic layer 
respectively. The mismatch of less than 5% is required. 
RuCr inter layers with Cr in the range of 15 to 50 at % satisfy 
the requirements. 
The Substrates used can be Al alloy, glass, or glass 

ceramic. The magnetically Soft underlayers according to 
present invention are amorphous or nanocrystalline and can 
be FeCoB, FeCoC, FeCoTaZr, FeTaC, FeSi, CoZrNb, 
CoZrTa, etc. The seed layers can be Cu, Ag, Au, Pt, Pd, etc. 
The CoPt-based magnetic recording layers can be CoPt, 
CoPtCr, CoPtCrTa, CoPtCrB, CoPtCrNb, CoPtTi, CoPt 
CrTi, CoPtCrSi, CoPtCrA1, CoPtCrzr, CoPtCrHf, CoPtCrW, 
CoPtCrC, CoPtCrMo, CoPtCrRu, etc., deposited under 
argon gas, or under the gas mixture of argon and oxygen or 
nitrogen. Oxides or nitrides can be incorporated into the 
target materials also. 

Embodiments of this invention include the use of any of 
the various magnetic alloys containing Pt and Co, and other 
combinations of B, Cr, Co, Pt, Ni, Al, Si, Zr, Hf, W. C., Mo, 
Ru, Ta, Nb, O and N, in the magnetic recording layer. In a 
preferred embodiment, the magnetic recording layer is 
Co-Cr Pt SiO. In another embodiment, the Co-Cr— 
Pt—SiO comprises at least 0–20 atomic percent Cr, 6 to 22 
atomic percent Pt. 1 to 12 molecular percent SiO, and Co 
in the balance. 

In a preferred embodiment the total thickness of SUL1 
and SUL 2 is 1000 to 4000 A, and more preferably 1500 to 
2500 A. There could be a third soft under layer (SUL3) and 
a fourth soft underlayer (SUL4) etc., wherein the total 
thickness of SUL1, 2, 3, and 4 etc is 1000 to 4000 A, and 
more preferably 1500 to 2500 A. The laminations of the 
SUL can have identical thickness or different thickness. The 
spacer layers between the laminations of SUL could be Ta, 
C, etc. with thickness between 10 and 50 A. The thickness 
of the seed layer, t, is in the range of 5 Azt.<30 A. The 
thickness of IL1 or IL2 is 10 to 500 A, and more preferably 
10 to 200 A, and the total thickness of IL1 and IL2 is 20 to 
510 A, and more preferably 40 to 200 A. The thickness of 
the magnetic recording layer is about 50 A to about 300 A. 
more preferably 80 to 150 A. The adhesion enhancement 
layers of the SUL could be Ti, TiCr. Cretc. with thickness 
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of 10 to 50 A. The overcoat could be hydrogenated, nitro 
genated, hybrid or other forms of carbon with thickness of 
10 to 80 A, and more preferably 30 to 60 A. 
The magnetic recording medium has a remanent coerciv 

ity of about 2000 to about 10,000 Oersted, and an Mt 5 
(product of remanance, Mr. and magnetic recording layer 
thickness, t) of about 0.2 to about 2.0 memu/cm. In a 
preferred embodiment, the coercivity is about 2500 to about 
9000 Oersted, more preferably in the range of about 4000 to 
about 8000 Oersted, and most preferably in the range of 10 
about 4000 to about 7000 Oersted. In a preferred embodi 
ment, the Mt is about 0.25 to about 1 memu/cm, more 
preferably in the range of about 0.4 to about 0.9 memu/cm. 

Almost all the manufacturing of a disk media takes place 
in clean rooms where the amount of dust in the atmosphere 15 
is kept very low, and is strictly controlled and monitored. 
After one or more cleaning processes on a non-magnetic 
Substrate, the Substrate has an ultra-clean Surface and is 
ready for the deposition of layers of magnetic media on the 
Substrate. The apparatus for depositing all the layers needed 
for Such media could be a static sputter system or a pass-by 
system, where all the layers except the lubricant are depos 
ited sequentially inside a Suitable vacuum environment. 

Each of the layers constituting magnetic recording media 
of the present invention, except for a carbon overcoat and a 
lubricant topcoat layer, may be deposited or otherwise 
formed by any suitable physical vapor deposition technique 
(PVD), e.g., sputtering, or by a combination of PVD tech 
niques, i.e., sputtering, vacuum evaporation, etc., with sput 
tering being preferred. The carbon overcoat is typically 
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8 
ensure that they do not lead to the scratching between the 
head and substrate. Once a layer of lube is applied, the 
substrates move to the buffing stage, where the substrate is 
polished while it preferentially spins around a spindle. The 
disk is wiped and a clean lube is evenly applied on the 
Surface. 

Subsequently, in some cases, the disk is prepared and 
tested for quality thorough a three-stage process. First, a 
burnishing head passes over the Surface, removing any 
bumps (asperities as the technical term goes). The glide head 
then goes over the disk, checking for remaining bumps, if 
any. Finally the certifying head checks the surface for 
manufacturing defects and also measures the magnetic 
recording ability of the disk. 

EXAMPLES 

FIG. 3 shows coercivity dependence on Cr concentration 
in RuCr inter layers of the granular media with Cu seed 
layers and with the 2" RuCr layers deposited under 30 
mTorr and with the magnetic recording layers deposited 
under 0.5 volume 96 of oxygen. RuCr films were deposited 
with co-sputtering of two concentric ring/disc-shaped tar 
gets with Cr targets located at the center position of these 
two ring/disc-shaped targets. Film magnetic property was 
measured with a Kerr magnetometer. The media with RuCr 
inter layers of 25 to 50 at % of Cr show higher coercivity 
than the media with pure Ruinter layers and with RuCr inter 
layers of low Cr content. Table I lists the data, which are 
plotted on FIG. 3. 

TABLE I 

Coercivity dependence on Cr concentration in RuCr inter layers. 

O 5 

Hc (kOe) 4.794 4.439 

deposited with sputtering or ion beam deposition. The 
lubricant layer is typically provided as a topcoat by dipping 
of the medium into a bath containing a solution of the 
lubricant compound, followed by removal of excess liquid, 
as by wiping, or by a vapor lube deposition method in a 
vacuum environment. 

Sputtering is perhaps the most important step in the whole 
process of creating recording media. There are two types of 
sputtering: pass-by sputtering and Static sputtering. In pass 
by sputtering, disks are passed inside a vacuum chamber, 
where they are deposited with the magnetic and non-mag 
netic materials that are deposited as one or more layers on 
the Substrate when the disks are moving. Static sputtering 
uses Smaller machines, and each disk is picked up and 
deposited individually when the disks are not moving. The 
layers on the disk of FIG. 2 were deposited by static 
sputtering in a sputter machine. 
The sputtered layers are deposited in what are called 

bombs, which are loaded onto the sputtering machine. The 
bombs are vacuum chambers with targets on either side. The 
substrate is lifted into the bomb and is deposited with the 
sputtered material. 
A layer of lube is preferably applied to the carbon surface 

as one of the topcoat layers on the disk. 
Sputtering leads to some particulates formation on the 

post sputter disks. These particulates need to be removed to 
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Cr at 9% 

15 2O 25 30 35 40 45 50 55 60 

4.526 4SOS 4.536 4.85 S.316 S423 S.622 S.624 S.O62 4.013 1.027 

Design of experiment (DOE) was conducted utilizing 
Minitab program. A central composite design with three 
factors, Cr concentration in RuCr inter layers, gas pressure 
for 2" RuCr inter layer deposition, and oxygen content in 
the gas for magnetic recording layer deposition, was con 
ducted. FIG. 4 and FIG. 5 show the surface plots of He and 
SMNR. The RuCr inter layers were deposited with co 
sputtering of two concentric ring-shaped targets with Ru 
targets located at the inner position of these ring-shaped 
targets. The figures demonstrate that the granular perpen 
dicular magnetic recording media with Cu seed layers and 
with RuCr inter layers of Cr content between 15 to 50 at % 
have high coercivity and SMNR. SMNR was measured with 
magnetic heads with single-pole writers and GMR (giant 
magnetoresistive) readers and tested under 700 KFCI (thou 
sand flux reversals per inch). Similar results were observed 
for the media with Ag seed layers also. FIG. 9 shows 
coercivity dependence on Cr concentration in RuCr inter 
layers for the media with Cu and Ag seed layers respectively. 
The media with Cu seed layers are the same media shown on 
FIG. 3. The media with Ag seed layers were deposited under 
otherwise identical conditions with the media with Cu seed 
layers except for 1.5 nm Ag seed layers were used instead of 
Cu seed layers. 

Both Ag and Cu films are FCC (face-centered cubic)- 
structured. But their lattice constants are quite different. The 
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distance between neighboring atoms on (0002) planes of 
bulk Ru and Co-20 at % Pt, CoPt is 2.71 and 2.56 A 
respectively. The distance between neighboring atoms on 
(111) planes of bulk Ag and Cu is 2.89 A, higher than that 
of Ru, and 2.55 A, much smaller than that of Ru, respec 
tively. The lattice constant of CoCrPts is slightly smaller 
than that of CoPto, due to less Pt content. The similar 
response of magnetic property, recording performances, and 
crystallographic orientation characteristics, such as FWHM 
of XRD rocking curves of RuCr (0002) peaks, on Cr 
concentration in RuCr layers of the media on Ag and Cu 
seed layers suggests that there is not epitaxial growth of 
RuCr inter layers on the seed layers. The lattice match 
between RuCr inter layers and CoPt-based recording layers, 
and the stress state at the interface of these two layers play 
a significant role on magnetic and recording performances of 
the perpendicular recording media. 

FIG. 6 shows gracing angle theta-two theta XRD (X-ray 
diffractometry) curves of granular perpendicular media with 
Cu seed layers and with varying Cr concentration in RuCr 
inter layers. As Cr content increases, RuCr (10.0) and (11.0) 
peak positions move towards Co (10.0) and (11.0) positions 
respectively. As Cr content increases, lattice match between 
RuCr inter layers and CoPt-based magnetic layers is 
improved. When Cr content is too high, for instance, more 
that 52 at %, RuCr is not HCP (hexagonal close-packed) 
structure anymore. The XRD curve of media with 53.5 at % 
of Cr in RuCr inter layers supports this argument. There is 
a preferred Cr concentration range affected by lattice match, 
interface stress status, Surface energy and RuCr crystallinity. 
The preferred Cr concentration in RuCr inter layers is 15 to 
50 at %. The RuCr inter layers are directly in contact with 
seed layers at the bottom and CoPt-based magnetic record 
ing layers at the top. The thickness of the RuCr inter layers 
can be 2 nm to 51 nm. 
The curves of FIG. 6 were obtained using RuCr, inter 

layers and CoPt-magnetic layers. When X was 53.5%, 
RuCr, did not produce any diffraction pattern and so the 
pattern produced was that primarily due to CoPt-magnetic 
layers. 

COMPARATIVE EXAMPLES 

Cobalt has similar atomic volume as chromium. FIG. 7 
shows that the SMNR of granular media with Cu seed layers 
decreases as cobalt content in the RuCo inter layers 
increases. Cobalt addition into Ru films would have had 
similar effect as Cr, if the effect were due to the lattice match 
only. The effect of the additives on surface energy of 
Ru-alloy inter layers also plays an important role. The 
Surface Smoothness of the Ru-alloy inter layers, especially 
of the 1 Ru-alloy inter layers plays an important role in 
controlling crystallographic orientations of magnetic record 
ing layers. 

FIG. 8 shows coercivity, Hc, dependence on tungsten 
content in RuW inter layers. Coercivity monotonically 
decreases as tungsten content increases. Tungsten addition 
into the Ru-alloy inter layers appears to worsen the lattice 
matching between Ru-alloy inter layers and CoCrPts 
(SiO2) magnetic layers. Tungsten has much bigger atomic 
volume than Cu, Ru, Co and Pt, but still much smaller than 
that of Ag and Au. Because lattice matching between Ru 
alloy inter layers and seed layers would be an important 
factor in affecting film magnetic properties, media with 
certain amount of tungsten in the RuW inter layers and with 
Ag seed layers should have had improved magnetic prop 
erties than media with Ru inter layers. Yet, this invention 
proved just the opposite. 
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This application discloses several numerical ranges in the 

text and figures. The numerical ranges disclosed Support any 
range or value within the disclosed numerical ranges even 
though a precise range limitation is not stated verbatim in the 
specification because this invention can be practiced 
throughout the disclosed numerical ranges. 
The above description is presented to enable a person 

skilled in the art to make and use the invention, and is 
provided in the context of a particular application and its 
requirements. Various modifications to the preferred 
embodiments will be readily apparent to those skilled in the 
art, and the generic principles defined herein may be applied 
to other embodiments and applications without departing 
from the spirit and scope of the invention. Thus, this 
invention is not intended to be limited to the embodiments 
shown, but is to be accorded the widest scope consistent 
with the principles and features disclosed herein. Finally, the 
entire disclosure of the patents and publications referred in 
this application are hereby incorporated herein by reference. 
The invention claimed is: 
1. A perpendicular magnetic recording medium compris 

ing a substrate, a soft magnetic underlayer, a Cu-containing 
seedlayer directly on the soft magnetic underlayer, a RuCr 
containing interlayer having 15 SXS 50 on the seedlayer and 
a magnetic recording layer in this order, wherein the soft 
underlayer has a laminated structure with spacer layer(s) 
between laminations of the soft underlayers. 

2. The medium of claim 1, wherein the magnetic record 
ing layer is a SiO-containing magnetic layer. 

3. The medium of claim 1, wherein the medium is a 
granular medium. 

4. The medium of claim 1, wherein the seedlayer is less 
than 3 nm thick and comprises a face-centered cubic struc 
ture. 

5. The medium of claim 1, wherein the RuCr-containing 
interlayer is directly on the seedlayer. 

6. The medium of claim 1, wherein magnetic recording 
layer comprises Pt and Co, and at least one other element 
listed in the group consisting of B, Cr, Co, Pt, Ni, Ta, Nb, Al, 
Si, Zr, Hf, W. C., Mo, Ru, O and N. 

7. The medium of claim 1, wherein the soft underlayer is 
Substantially amorphous or nanocrystalline. 

8. The medium of claim 1, wherein the interlayer com 
prises a dual interlayer structure with the 1 and the 2" 
RuCr-containing interlayers both having 15<x<50 and hav 
ing hexagonal close-packed structure, and the 2" interlayer 
comprises a structure with separated column grains. 

9. The medium of claim 8, wherein the 1 RuCr-con 
taining interlayer is directly deposited on the seed layer, and 
the 2" RuCr-containing interlayer is directly under the 
magnetic recording layer. 

10. The medium of claim 1, wherein the Cu-containing 
seedlayer has a thickness of less than 3 nm. 

11. The medium of claim 1, wherein the RuCr-containing 
interlayer does not have an epitaxial relationship with the 
Cu-containing seedlayer. 

12. The medium of claim 1, wherein the FWHM (frill 
width at half maxium) of a XRD rocking curve of the 
RuCr-containing interlayer and the magnetic layer contain 
ing CoPt-alloy is 2.65. 

13. The medium of claim 1, wherein the RuCr-containing 
interlayer has a HCP structure, and further wherein the 
RuCr-containing interlayer and the magnetic layer have a 
mismatch of less than 5%. 


